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6 . 11 The Besselian Dav Number method of star place reduction. 

ex	 = 0(, + T fAd. + Aa + Bb + Cc + Oct + E + J tan
2. 

S
I

+ AP(dX-cYJ (6-60) 

b = S + 'T",us + Aa'+ Bb'+ Cc'+ Dd' + J' tan ~, + AP(d/X-c'Yi (6-61;
I 

where the j1 J subscripts denote the mean place at the epoch 19YY.S, which 
is the middle· of the current Julian year. 

The Besselian Star Constants are: 

f<. J - a = ntt'I + sin eX, tan 8, f? 
.)
,- a l = C05 0<. 

b = cos 0<, tan 8. f<...,-b.l = -5tn 0(,A.l-
IJ ,., I= cos 0<. iC05 S,	 tan E cos sino<. 5 i n ~,A... J - c	 /\,-rl,;, SI ­

A - d = sin 0(, Icos 6,	 If. !' ~ d I = cos cI- , 5 i n cS •.'1 /
 

~., := ~ ~I '
 

.Jl:L and>Jl ,are ,Jh.e, _a nn ua.l p:r"~.G"e,,::55i.9)1 in riJ;lht :.a~cen~;.i,pn~andde c l.i na"tAgn
 
at, the middle of the Julian year. as 'given

. 
in-the 

. 
']Almanac,
'! 

Section B.
 
.... 

€ i 5 the me anob I i<fu i tv: 0 f t' h e eel ip t 'i C a 9 a i n f r okn 5 e c t i () n B 0 fI 

the Almanac. 

1"' denotes the fraction of the Julfan year elapsed from the epoch 
of calculation to the epoch 19YY.5; this definition results in 1" being 
n'egative during the first half of the year and pos:'itive during the 

. 1 Bsth'a'Tf .	 '--,,' 

~ denotes the annual proper motion in either right; ascension or 
declination, as indicated by the subscript; values of ~ are gtv~n in 
various catalogs, suCh as the fK4 and the fKS. 

A, B Ie. D, £ I ,.1, and J I are the Be s 5 eli anD a y Nu~.b e r 5; val u e s for 
each of these are tabulated in Section B of the Almanac. The quantities 
A, B, and E give the reduction for precession and nutation; C and D 
give the reduction for annual aberration. The second-order Dav Numbers 
J and JI are 50 small that they can usually be tgnored for the purposes 
of the present text. 

AP is the annual parallax of the star; values of AP are given in various 
catalogs, such as' the Yale "General Catalog of TrtgoTIometric Stellar 
Para 11 a:{es" . 

X and Yare the heliocentric equatorial rectangular coordinates of the 
Earth, referred to the mean equinox and equator at the epoch )2000.0; 
daily values of X and Yare tabulated tn the Almanac, Section B. 



I 

! ---- -- '-- '-- --- -_.• 

·_-------~----' 

1C.;:t~l--., V'~~ f \1.. ~ A . A. W\.~a..­ A P. F. s.I 

c...,+ .rJ---v-t.Q. ~ () d..... ~t MIc1.­ ~p/~I~~ 
j . 

B\t1' SO.O 1 ::r 2.0do. 0~·4., 

1' " W 

~~ ()-L cA-t Y' 10 l t 

t2..'>(;,t -r~ ~ 
~;t~ f,-",>d~--dr~9 

~d 1;.. ~'2i 
-=....J>l)~ .I ,....Ju...~ 

1 ~ J 

\
 
) 
L 

A~ f (~ .C.,D.•.•:.:,/'tN.. c.+"~ -tml::...''[: ' ftLj c.D~~+I~t~('l' 
• -rP.J\~ cJt. oS S I Q,,\ , . ; s h...o.l\.+ -~ l o~:f t-QA ....... J
t ' ~ ! 

erf~ ~",I(/'« i of- ~lJf 0...+-1(",\r L
) ~ Ytut",--t.: /~ .:,.,: .. l.. I:! ­, . "--\:
 
, • ~v'\\h~...\ £1-.~~t~\','!:
 I;'" T' 

@ ~·,,0 k \ f"'A~Jl~K:; C!?T
 
f('~ ~;d-~ 1;:,
 
:"'1' v ,,-k:~ I"t.AJ..<.tL 

!
 

~.
 
,J , ., --;-,-]--,-.:~.

_-.I!!lOI. ­o..r1~1 ( 0-()~~) tl'1.;o... ;c@k 

_ ~. ~..~~ LAST fW7
 
A-f f LJ :, <:"O~~tl (Ml '~.r: 11 '
 
.~~~, f ~~fL-,,!
 
,4..Q.Y>"-\8rt;..~ , 

d,tJr;k\ ~~",--t;~'
 

&.+J. ..1. V.QA t I e..-.Q .; j

A,;~:~t,_····'Y'~ 

r-----1--~\;L:bs~'",J P\"<-<>' 1; 



97 

Exercises 

6-1.	 Find the values of ~A ' ZA ' and SA at the epoch J19YY.S, the 
middle of the current year. 

6-2.	 The J20DO.O mean place of a certain star is 15 hours in right 
ascension and +30 degrees declination. Find the mean place of 
this star at the epoch J19YY.5 including only the effect of 
precession.\ 

Further reduce the J19YY,5 mean place of the same star to~~ include the effect of proper motion. The centenni~l proper
 
motions of the star are +35 5 in right asc ... on and -4D"
 
in declination.
 

/' 

6-4. Calculate the fundamental arguments required for use with the 
1980 lAU Theory of Nutation, for the epoch of problem 6-2. 

6-5.	 Calculate the first three terms of the series for the nutation, 
in both longitude and obliquity, for the same epoch. 

6-6.	 Using values of A'P and AE taken~m"it,2g Almanac, further reduce 
the star place from problem 6-3 to include the effect of nutation. 

~-.r-:----

( 0-7. ~further reduce the place of the same star to include the effect 
______~bf annual aberration. 

~:6~ Further reduce the place of the same star to include the effect 
of annual pa~allax; the annual parallax of the star is O~7 . 

'i 

\ 

\ 
\ 

6-9.	 Reduce the mea\n place of the star ~ Indi (number 8387 in the 
Bright Star table in the Almanac) considering only the effect 
o f pre ce S 5 ion, \~ 0 the e p0 ch Feb r ua r y 9d 19h Z6fP\ 14S MST . 

6-10.	 Further reduce the mean place of the same star, to the same 
epoch. to include the effect of proper motion.. The centennial 
values of proper motion, taken from the fK4 catalog, are 
+48~2 in right ascension and -254~S in declination. 

6-11.	 further reduce the place of the star (: Indi to include the
 
effect of nutation.
 

6-12.	 Further reduce the place of the star E Indi to include the
 
effect of annual aberration.
 

6-13.	 Further reduce the place of the star E Indi to include the
 
effect of annual parallax. The annual parallap. of this
 
star'is O~291
 



APPENDIX B 

Excerpts from "TH~ ASTRJN'JMICft.L ALMANAC - 1985" 

and from certain earlier years or 

"THE ASTR:JNJMICAL ALMANAC" 

and "THE A~ICAN EPHE:1ERIS AND NA:JTICAL ALMANAC" 
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28 
2S 

30 
-I,j 
00 
15 

28 30 i 43 30 I ;j~ 3U 

2R ~5 -13 ·15 I .'i\:l -I.') 
2'.) UU 44 UU ' 5'J 00 
2~ 15 ·H 15 .')~) 15 
29 30 H 30' .~)I) 30 
2lJ 45 44 -15 ! £.IV -15 

GO 30 
1 

I 81 30 ~G I G 30 .2G. 3'.}U .7(, llAO 
-1. 0.5 .:-7 11.,j,j

~¥ t8 ~~ cis ~;; ¥(~~ :~~ : -1.20 .78 11.70 
-9 . 11 - ­67 15 82 15 29 i 7 15 .2'.1; 4.35 .• i .S.:>
 

. I
 
G7 30 82 30 30 i 7 30 0.30 -1.50 O.SO . 12.00
 
G7-15 8245317-15.31 4_G5 .81 '12.15
 
G8 00 83 00 32 S 00 
C~ 15 S3 IS 33 8 15 
OS 30 83 3u 34 8 30 

G8 45 83 45 35 8 -:15 
G!') 00 8o.! 00 36 9 00 
69 15 , 84 15 37 9 15 
G~l 30 i 8-1 30 38 a 30 
G9 45 I 84 45 39 9 ·15 

o 00 85 00 40 10 00 
o ]5 85 15 41 10 15 
o 30 85 30 -12 10:14) 
o -15 85 4.) -:13 10 4':J 
1 00 86 00 44 11 00 

71 15 SG 15 -15 II}.) 
71 30 I SG 30 -16 11 311 
71 45 8tii o.!5 -Ii 11 ·\5 
72 00 ' 87 00 -:18 1200 

72 151 87 15 -:19 12 15 

72 30 Si 30 50 12 30 
72 45 I 87 4.') 51 12 ·F) 
73 00 I ~s 00 52 13 ()U 
73 IS ! SS l,j 53 13 1;j 

73 3u I S~ 3U 54 133U 

3 -15 i 8R -IS 55 13 -I;) 
-I UU I S!l UO 50 1·\ OU 
-1 15 : ~g 1':1 .')i 14 1.-) 
4 30 : k\l ;)U 58 1-1 31) 

·1 45 I £IV 4.') 5Q 1·\ -:1.5 

.32 -:I.SO .82 ,12.30 

.33 4.95 .83 12.-:15I 

.34 5.10 .S4 ,12_00 

0.35	 .25 0.S5 12.75 
.3G .-:10 .S6 12.~iO 

.37 .55 .8i ]305 

.3S .70 .S8 13 20 

.3\) 85 .S9 13.35 
. 1 

0.-:10 G.OO ' 0.90 13.50 
.-11 G 15 i .91 13.G5 
.-12 G30 . 92 . 13~0 

.43 G.-I.'> ' .a3 113.95 

.H G.oU .9-1 ,14.10 
r 

0.-15 6.7.') 005 1-1.25 
.-lil f) ~'IO ~lG 1-1.-10 
.-1:­ :- L),j .~17 14.55 
.-IS 720 .~IS . 14.70 
.-IV ! 7.35 0.00 : 1-1.85 

0.50 i.50 1.00 '1500 
i 

Ob.. !:10° 

I2 b ,. 1800 

18b _ 270 0 

23 
23 
23 

23 
24 
2·\ 
2-1 
24 

25 
25 
2.') 
2.) 
2G 

20 
2G 
2G 

00 
15 
30 

45 
00 
15 
30 
45 

00 
15 
30 
·1.') 
00 

]5 
30 
-1.') 
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TABLE B-2 *" 
CONVERSION OF ARC TO TI~lE 

~fI:\'l:TE:;DEn REES SECO:\'DS 
-----_._---

I I, S, ! rn ,o Ih rn Ii m h III !l !l 

() 01)00o I U 00 i 60 4 00 120 8 00 o 0 00 000 O.ono o.,?o , 0.033 
1 0.(1)71 ' 0 04 61 4 04 121 8 04 1 OO·l .01 , .001 .0) 1 [ .034 

2 () 08 2 0133 001 .0352 0 08 G2 4 08 122 8 08 .02 ; .~2 : 
3 0 12 Ii G3 4 12 123 8 12 3 0 12 3 0.200 .03 i .002 .~3 .035 

~4 I4 0 10 G4 4 16 124 8 IG 4 0 Iii 4 02iii .04 I .003 .~ i .036 

5 0 20 65 4 20 125 8 20 5 U.33:3 005 0.003 0.55 00375 i 0 20 
6 0 24 66 4 24 126 8 24 6 ' 0 24 G 0·100 .06 .004 56 ! .037 

.07 ; .005 :57 i .0387 0'llj78 28 7 0 287 0 28 67 4 28 127 
58 .8 . () 32 H8 4 32 128 8 32 8 0533 .08 : .005 .0398 0 32 

U O.ljOO8 3G 9 0 3G .09 .006 .59 .0399 : 0 36 G9 4 36 129 
I 

10 0 40 70 4 40 130 10 0lifi78 40 0.10 0.007 060 004010 0 40 
11 , 0 H 71 4 44 131 844 11 0 H 11 0 733 . 11 .om :: .61 .041 

.12 .008 II .62 , .04112 0 48 72 4 48 132 8 48 12 080012 0 48 

.13 .OOY I: .04213 IU~(i713 . 0 52 73 4 52 , 133 8 52 13 0 52 .63 ' 
14 0.!)334 56 134 8 56 .14 .OU9 .64 I .04314 0 56 74 14 0 56 

\) 00 15 ; 10005 00 135 15 1 00 15 1 00, 75 0.15 0010 0.65 0.043 
16 . 1 04 'I 76 16 ' 10G75 04 136 IJ 04 16 1 04 .16 .011 .66 i .044 

117 1 085 08 137 9 08 .17 .011 .67 ! .U4517 i .J. 13317 I 1 08 7i 
5 12 138 9 12 18 1 12 .18 , .012 .68 I .04518: 1. 20018 i 1 12 78 

19 . ] 16 79 5 16 139 9 16 HJ 1 IG 19 1267 .19 ! .013 .69 ! .046 
II 

20 i 1 20 80 
I
i 5 20 :i 140 . 9 20 20 I 1 20 0.·20 ' 0.013 O. 70 ~ 0.04720 1 333 

21 ' 1 24 81 5 24 141 9 24 21 ' 1 24 21 1.4UU .21 .014 .71 .047 
22 ! 1 28 22 1.46722 1 28 82 5 28 142 ~J 2,S .22 .015 .72 .048 

23 1 32 83 5 32 :1 143 9 32 23 I 1 32 23 1 533 .23 .015 73 .049 
24 , 1GOO24 1 36 24 , 1 36 84 i 5 36 ii IH U 36 .24 .016 .74 i .049 

if ~ 
25 1 50;25 : 1 40 85 : 5 40 .r 14;) 9 40 25 1 40 025 0.017 0.75 0.050 

26 ' 1 H 86 5 44 14G 9 ·l4 2G 1 H 26 1.733 .26 .U17 .76 .051 
27 1 48 27 1.800 .27 .018 .ii .05127 1 48 87 5 'l8 147 U 4~ 

28 , 1 52 .28 .019 .78 .05228 1 52 88 5 52 148 9 52 28 I.SG7 
29 . 1 56 89 5 56 149 9 56 .29 .019 .79 .05329 i 1 56 29 1933 

! 
30 ; 2 00 30 2 00 90 6 00 150 10 00 30 2 000 0.30 0.020 OSO 0053 

31 2.067 .31 .021 .81 .05431 2 04 91 6 04 ' 151 10 04 31 I 2 04 
32 ' 2 08 92 6 08 • 152 10 08 .32 .021 .82 .05532 i 2 O,~ 32 2.133 

153 10 12 .33 i .022 .83 05533 : 2 12 33 ·2.20033 : 2 12 93 6 12 
.34 .023 .84 .056154 10 16 34 2.26734 : 2 16 94 6 16 34 : 2 16 

0.35 ! 0.023 0.85 0.057155 10 20 35 2 20 35 2.33335 I 2 20 :1 95 6 20 
36 ! 2 24 II 96 6 24 .36 .024 .86 .05715G 10 24 36 2.40036 i 2 24 
37 2 28 97 6 28 157 10 28 ,,37 : 2 2", 37 2.4G7 .37 .025 .8i .058I 

38 ' 2 32 158 10 32 38 2.533 .38 .025 .88 .05938 2 32 98 6 32 
39 2.GOO .39 .026 .89 : .059159 10 36 30 2 3639 2 36 99 6 36 

I 

IGO 10 40 0.40 0.027 0.90 : 0.06040 2 40 100 6 40 40 2 40 40 2.667 
,I41 2 H 101 6 44 161 10 H 41 2.733 .41 .027 .91 .06141 2 H 
142 2.800 .42 .028 .92 .06142 2 48 102 6 48 162 10 48 42 2 48 

.029 .03 .(1)243 2 52 103 . 6 52 11)3 10 52 2.86743 .4343 2 52 
H 2.933 .H .02') .94 .U133H 2 56 104 6 56 IG4 10 56 H 2 56 

ii 
45 , 3 00 10.5 7 00 :' 165 11 00 45 3.000 0.45 0.030 0.05 o 00345 3 00 

46 3.067 .46 0:.31 .96 06446 ' 3 04 106 7 04 IG6 11 04 3 04 46 
47 3.133 .47 0:31 .97 00547 3 08 107 7 08 167 11 08 3 0847 
48 3.2003 12 48 .0:32 .98 Otj548 . 3 12 108 7 12 1G8 11 12 48 

49 3 16 ,i 109 7 16 1iiI) 11 1G 3 16 40 3.267 .49 .033 0.99 .06649 
:1 
I 3 20 50 3.33350 3 20 110 . 7 20 170 11 20 50 050 0.033 1.00 U.067 

3 24 51 3.4005151 3 24 III : 7 2·l 171 11 24 
3 28 52 3.467.52 3 2,~ 112 : i 28 172 11 28 52 

.')3 3 32 53 3.53353 3 32 113 7 32 173 II 32 
90 0 _ 6 b54 3.GOO54 3 3G 114 i 36 I: 174 11 36I 54 3 3G 

55 3 Gtj73 405555340 115 7 40 II 1i5 11 40 1800 _ 12b 

5G 3.7:}33 44.56 :3 H IIG 744 17G 11 44 ~Q I 3 48 57 3.·~OU57 3 4S, 117 i 7 ·lk 17i 11 48 270 0 
_ ISb~I i 

58 : 3.8G73 52 58352,I18i 7 52 178 : 11 52 58 I
59 3 56 59 j 3.93359 3 56 Ii 119 I 7 56 179 : 11 56 

* From "The A.merican EphemeI"1~ and Nautical Almanac - 19[},0 ff 
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TABLE B-3 
JULIAN DAY NUMBER ~ 

DAYS ELAPSED AT GREE~WICH ~OO~, A. D. 1900-1950 J 

Yfar Jan.O Feb.O Mar. 0 I Apr.O , May 0 I June 0 I July 0 I AUi.O I Sept.O I Oct. 0 ; ~ov. 0 I Dec. 0 

1900 241 5020 5051 5079 i~1 5140 15171 I 5201 15232 ! 5263 ! 5293 ' 5324 : 5354 

~~g~ ~~~g ~~~~ ~~~~ I ~~~g ~~~g! ~~~y ~~~y ~g~~: ~~~~ ,~~~~ ~~g~: ~~~~ 
1903 6115 6146 6174 I 6205 6235! 6266 6296 6327 I 6358 ; 6388 : 6419 : 6449 
1904 6480 6511 6540 6571 6601 I 6632 6662 6693 6724 6754, 6785 6815 

1905 
1906 
1907 

241 6846 
7211 
7576 

6877 
7242 
7607 

6905! 
I 7270 I 
I 76351' 

6936 
7301 
7666 

6966 I 6997 
7331 i 7362 
7696 i 7727 

7027 
7392 
7i57 

7058 
7423 
7788 

7089 
7454 
7819: 

7119! 
7484 
7849 

7150 
7,115 
7880 

7180 
7545 
7910 

1908 
1909 

7941 
8307 

7972 
8338 

I 8001 
8366 

8032 
8397 

8062 
8427 

I 8093I 8458 
8123 
8488 

8154 
8519 

8185! 8215 
8550 i 8580 

8246 
'8611 

8276 
8641 

1910 
1911 

241 8672 
9037 

8703 
9068 

8731 I 8762 
9096 I 9127 

8792 
9157 

I 8823 
I 9188 

8853 
9218 

8884 
9249 

8915: 
9280 ~ 

8945 : 8976 
9310 : 9341 

!)006 
9371 

1912 9402 9433 9462 I 9493 !)523 I 9554 9584 961.1 0646 (J676 9707 9737 
1913 
1914 

9768 
242 0133 

9799 
0164 

9827! 9858 
0192! 0223 

9888 I 9919 
0253: 0284 

9949: 
. 0314 I 

9980 
0345 

-<)011 
'0376 

*0041 *0072 
0406' 0437 

*0102 
0467 

1915 
1916 

242 0498 
0863 

0529 
0894 

0557/ 0588 
0923 i 0954 

0618! 0649 I 0679 
0984 I 1015 : 1045 

0710 
1076 

0741! 
1107 

Oii1 i 0802 
1137' 1168 

I 0832 
1198 

1917 1229 1260 1288 I 1319 1349 1380 1410 1441 1472' 1502 1533' 1563 
1918 1594 1625 1653 I' 1684 1714 1745 1775 1806 1837 15567 1898 1928 
1919 1959 1990 2018. 2049 2079 2110 2140 2171 2202 2232 2263 2293 

1920 I 242 2324 2355 I' 2384 ! 2415 2445 2476 2506 2537 2568 2598 2629 2659 
1921 2690 2721 2749 I 2780 2810. 2841 2871 2902 2933 2963 2994 3024 
1922 3055 3086 3114 1 3145 3175 i 3206 3236 3267 3298 3328' 3359 3389 
1923 3420 3451 3479 1I 3510 3540' 3571 3601 3632 3663 3693 3724 3754 
1924 3785 3816 3845 i 3876 3906 3937 3967 3998; 4029 4059 4090; 4120 

1925 242 4151 4182 4210 I 4241 4271 4302 4332 4363 I 4394 4424 4455' 4485 
1926 4516 4547 4575 II 4606 4636 4667 4697 4728 i 4759 4789 4820· 4850 
1927 4881 4912 4940 4971 5001 5032 5062 5093 5124 5154 5185 5215 
1928 5246 5277 5306 5337 5367 5398 5428 5459 5490 5520' 5551 • 5581 
1929 5612 5643 5671 5702 5732 5763 5793 5824 5855 5885 [ 5916 ! 5946 

1930 242 5977 6008 6036 6067 6097 6128 6158 6189 6220 6250 i 6281 6311 
1931 
1932 

6342 
6707 

6373 
6738 

6401 
6767 

6432 
6798 

6462 
6828 

6493 6523 
6859 I 6889 

6554, 6585 
6920 I 6951 

6615 
6981 

6646 
7012 

6676 
7042 

1933 7073 7104 7132 7163 7193 7224; 7254 I 72851 7316 7346 i 7377 , 7407 
1934 7438 7469 7497 7528 7558 7589 7619 7650 7681 7711 I 7742 : 7772 

1935 242 7803 7834 786217893 7923 79541798418015; 8046 8076 I 8107 ! 8137 
1936 
1937 

8168 
8534 

8199 
8565 

8228 
8593 

i 8259 
I 8624 

8289 
8654 

8320 
8685 

8350 
I 8715 I 

8381, 8412 
8746 • 8777 

8442 r 

8807: 
8473 
8838 

. 
' 

8503 
8868 

1938 
1939 

8899 
9264 

8930 
9295 

8958: 
9323 

8989 
9354 

9019: 9050 19080 19111 : 9142 
9384 I 9415 9445 9476: 9507 

9172 I 9203 . 9233 
9537 i 9568 i 9598 

1940 242 9629 9660 968919720 9750 9781 19811 9842! 9873 9903! 9934 : 9964 
1941 9995 *0026 *0054 '1.0085 '*0115 ·0146 ·0176 ·0207 !·0238 *0268 :*0299 i*0329 
1942 243 0360 0391 0419 0450 1 0480 0511 0541 0572' 0603 0633' 0664 : 0694 
1943 0725 0756 0784 I 0815 0845 0876 I 0906 0937 0~68 0998 1029 1059 
1944 1090 1121 1150· 1181 1211 1242 11272 1303 1334 1364 1395 1425 

1945 243 1456 1487 151511546 1576 1607 I 1637 1668 1699 1729 1760: 1790 
1946 1821 1852 1880 1911 1941 1972 i 2002 2033 2064 2094 2125 I 2155 
1947 2186 2217 2245 I 2276 2306 2337 I 2367 2398 2429 2459: 2490 ~520 
1948 
1949 

2551 
2917 

2582 
2948 

2611; 2642 
2976 i 3007 

2672 
3037 

2703; 
3068 i 

2733 
3098 

2764 
3129 

2795 
3160 

2825' 
3190 

2856 
3221 

2886 
3251 

1950 243 3282 3313 3341 
.

I 3372 3402 
I 

3433 I 3463 3494 3525 3555 3586 3616 

* Fr'Jm "The American Ephemeris and Nautical Almanac - 1980" 
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TABLE B-4 
JULIAN DAY NU~1BER it-

DAYS ELAPSED AT GREE~"'ICH ~OO~, A. D. 1950-2000 

Year I Jan. 0 

I 
1950 24:~ 3282I' 

1~l51 3ti47 
11),12 4012 
1!J53 ! 4378 
1~54 I 4743 

~ ~~~ I 243 ~l~~ 
11)57 I 5839 
1!l58 I 62tH 
105!) 6,569 

1960 243 6934 
l!H)l 7300 
11)62 7665 
1963 8030 
1964 8395 

1965 243 8761 
1~66 9126 
1!H)7 !H!H 
1968 q~,56 

1961J 244 0222 

1!)70 244 05~7 

1971 (1).52 
1972 1317 
1073 1683 
1974 2048 

1975 244 2413 
1976 2778 
1977 31H 
1978 3509 
Hl79 3874 

1980 2H 4239 
1981 4605 
1982 4970 
1983 5335 
1984 5700 

244 60661985 
64311986 
67961987 
71611988 
75271989 

244 78921990 
82571991 
86221992 

1993 8988 
1994 9353 

244 9718 1995 
245 00B3 1996 

1997 0449 
Ig98 0814 

11791999 

245 15442000 

F~b. ,0 I ~lar. 0 I A~~ 0 I".yO I 1un,'0 I Jul,- 0 IAu•. 0 s.~t ..oI o:t ~ x:' 0 I D".O 

3.B.~ 3341 3.31 2 3402 34.~.) 34G3!3494 3020 I 3.')5;) 3.')86 3616I' 

367R 3700 J 3737 37tH 37!H~ 3k28 38.59 3~lJO: 3U20 3~J.5 1 3~81 
4043 4072 I 4103 4133 41ti4 41!14 4225 42.56 4286 4317 1 4347 
HOI) H:~7' Hlis 441)814'529 4,559 451)0 4621 4651 4G82: 4712 
4774 4802 4833 4863 4894 4924 4955 4986 5016 5047 5077 

5139 5167 5198, 5228 5259 5289 5320 5351 5381 5412 5442 
5504 5533 5564 I 5'5941 5625 5655 5686 5717 ,)747 5778 5808 
5870 58~)8 ,)\)29 I 51),51) 5990 6020 GO') 1 6082 6112 6143 6173 
6235 6263 6294 1.>324 1)3.55 638.) 6416 6447 64i7 6508 6538 
6600 6628 6659 G689 I 6720 6750 6781 6812 6842 6873 6903 

6065 6994 7025 7055 I 7086 7116 7147 7178 7208 7239 7269 
7331 735~1 73~0 7420 I 74.'51 i4FH 7,')12 7543 7573 7604 7634 
76lJ6 7724 7755 7i,~5 7k16 7846, 7S77 7\~08 7938 79ti9 7VY9 
80t)l 8089 8120 8150 8181 8211 I 8242 8273 8303 ~334 ~364I, 

8426 8455 8486 8516 8547 8577 I 8G08 8639 '8669 8700 8730I 

8792 8820 8851 8881 I 8912 8942 8973 I 90041 9034 <JOB5 9095 
9157 9185 IJ2lfj 924611J277 1J3/J7 !J338 I 9361) 939\) 1J430 \H60 
lJ522 %.')0 \)581 9611 \)642· \Hj72 !J703' 9734 I V71i4 \17lJ.5 %25 
\)887 ,lJ!Jl6 \J!J47 9\)77 *OOO~ !*003,~ :*006~) 1*0100 !*OI30*01Gl *Ol\)l 
0253 I 0281 0312 03421 0373 04031 0434 0465 i 0495 052G 0556 ­

0618 0646 Ofl77 0707; 0738 0768; 0799 0830 i 0860 0~91 0921 
01)83 1011 IU42 1072 I 1103 1133111fl4 I1V5 I 1225 12,56 1286 
1348 1377 1408 H3R 11469 149!} 1.530 1.~61 15!)I 1tj22 1(;52Ii 

11714 1742 1773 1"-;03 1834 1864 18V.5 I'J26 , 1!:J56 I~S7 21)17 
2079 2107 2138 216812199 2229 2260 2291 I 2321 2352 2382 

1
2444 2472 2503 2533 2564 2594! 2625 2656 i 2686 2717 2747 
2809 2838 2869 2SfJlJ 2~J30 2V60! 2!:JV 1 3022 I 3052 3083 3113 
3175 3203 3234 3264 32~15 3325 i 3356 33'\7 i 3417 3448 3478 
3540 3568 3599 362!:J 3660 3G\JO 13721 3752 3782 3813 3843I 

3905 3933 3964 3994 4025 4055 4086 411 7 4147 4178 4208 

4270 4299 4330 4360 4391 4421 I 4452 4483 4513 45H 4574 
4636 4664 4605 4725 4756 4786 4817 4848 4878 4909 49391 

5001 5029 I 5060 . 5090 15121 5151 I 5182 i 5213 5243 5274 5304 
5366 5394 I 5425 I 5455 
5731 5760 i 5791 I 5821 

6156 61866097 6125 
6.521 65516462 64UO 

6827 6855 6886 6916 
7192 7221 7252 7282 
7558 7586 7617 7647 

7923 7951 7982 8012 
8347 83778288 8316 
8713 87438653 8G82 

9019 9047 9078 VI08 
V443 94739384 9412 

9749 9777 9R08 9838 
0174 02040114 0143 
0,'>39 05690480 0508 

OIH5 0873 0904 0934 
1210 1238 1269 1209 

1635 16651575 1604 

5486' 5516 i 5547 ! 5578 I 5608 5639 566Y 
5852 I 5882 I 5913 I 5944 

6217 
6582 
6947 
7313 
7678 

8043 
8408 
87i4 
9139 
9504 

9869 
0235 
0600 
0965 
1330 

1696 

6247 
6612 
6U77 
7343 
7708 

8073 
8438 
8804 
9169 
9534 

9899 
0265 
0630 
0995 
1360 

1726 

6278 
6643 
7008 
7374 
7739 

8104 
8469 
8835 
9200 
9565 

9930 
0296 
0661 
1026 
1391 

1757 

6309 
6674 
7039 
7405 
7770 

8135 
8.500 
8866 
9231 
9596 

99tH 
0327 
06~j2 

1057 
1422 

1788 

5974 

6339 
6704 
7069 
7435 
7800 

6005 

6370 
6735 
7100 
7466 
7831 

6035 

6400 
6765 
7130 
7496 
7861 

8165 I 8196 I 8226 
8530 i 8561 I S591 
88()b' I .... 11')- I ~9--

_, : ~'J_I cc;)(

9261 9292. 9322 
9626 9657 I !J6S7 

9991 1*0022 1*0052 
0357 ' 0388 I 0418 
0722 0753· 0783 
1087 1118 11148 
1452 14831' 1513 

1818 1849 1879 

* From "The American Ephemeris and Nautical Almanac - 1980" 
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Table B-5 ~ 

OPTICAL OBSEHVATORIES, I9Sl 

---r	 ------­
. 11"lilhl ," "urhtI'lacr 11I51rumrlll \\"l'~l r.~lIllrJlud~ LaUluti.. '~4'a (f;.'(),,1.1 

1....·\· .. 1) ('flrr.) 

---------------------- --,·-------------------l I ._--_. -,---I 
~._ .. & ...... ..-. -.
 

f 

i m mFbg;;;tnff, Ari7.0na	 l " 
Fla~ ... talr St ation	 GI-in Ast romctric Rcfll'ctor +3.) J I 02.t, :.!31fi - 7
U$. Naval Ohservatory 40-in H.itchey-Chrcticn Rctieclor + J 11 44 149 

+-111 44 2:lli 
+3.) II 03li 2:112 - 7

P.O. Box 1149	 :l4-in Ca:-segrain RPllcctor +-111 44 I;):; +3:) II 04 .') 2:U3 ! - 7 
fF1ag:-.t aft', Arizona Sti002 

Flafl;staft', Arizona 
Lowl'll Ob!'crvatorv 72-in Perkin~ Reflcctor t + III :l2	 09 3 ! +3.) 0.') 4R fj 219R I - 7 
P.O. Box 12tl9 . I	 42-~n ~itchc~:-Chr"~t ~en Reflcrt or + III :t! 08 : +:J.) 0;> 4R ~ 19R ; - 7 
Flag:-;bIT, Arizona SGOOI	 24-m Clnrk f·.qllatorral Hcfractor I + III 39 48 : ... :l;) 12 os :.!210 - 7 

24-in Morp;an Reflcctor ! +III 39;>4 I +35 12 14 I 2204 - 7 
13-in Lowell Refractor 1 + III 32 08 t+3 .=) 0.) 44 '2200 - 7 

--; 42-in Clark Reflector -,+1 II 32 09,30 '- +3;; 0,') 4G G J....- 21S0 - 7' 

i 31-in Reflector + III 32 09 +35 05 ,j,')	 1 2198 - 7 
! 
Inb:"gow, Scotland 

Gla...;gow l·ni\'cr;;it~· Ob~er\'atnr~' O.;'-m RitC'he~'-Chrt~tien Hetlector + 4 18 20 
I
I +55 54 08: 

• 
53 

Acre Un:ll]i:\l:\nhill Ho:\d O.:J-m Tcl(,:-1cope + 4 18:l2 . +55 54 09· 53 
(-;la!'gow li20 OtL, SCllt land G-cm Transit Telcscope + 4 18 1!l ! +55 54 08 f ;'}3 

(irccnbelt, Mar~'bnd 
<1odd:lul Rc--carrh 01 ),('fvator\' OL')-cm C~s:",/Colld(~ Rcllector + 7G 49 37.14 +39 01 Li9 ' ;;3 + I 
~ ASAjCiodd:ml Space Fli~ht Center 4R-in COllllc Tde:,cope + 7G 49 43_33 +39 01 16.9 ;')3 .. I 
Greenbelt, :\Iaryland 20771 2-Element Interfcrometer + 7G 49 33 +39 01 17 i 44 

Harvard, :\hs~ach\l;;;ett:; 
George n. Ag:ls:"iz ~tation };');;-cm W~'cth F('ek('r Reflector + 71 33 2932 I +42 30 190 i 185 i + Ii 
HMvard College Ob"'l'rv:lt()r~' HO-ft Equatorial Radin Antenna + 71 33 30 +42 30 13 183 
Harvn.rd, :\lassn.chllsetts 01451 

HNc;t01onr('lIx, Enp:bnd 
RO\':l1 (irl'('nwirh Oh,('rv:ltoT\- Cooke Tr:ln~it Circle - 0 20 1.=).45 +.50 .=)2 18 34 
H('r"tnwncellx Ca"lle . flR-in },:aac ~ewton Rdkctor - 0 20 46_;-) +.;0 ;il 58 ;i3 
Ibil:-hnlll, East S,,=-,s('x BN2i I UP 2.1-rlll Photo~r:lphic Zenit h Tlllw - 0 20 19;') +.)0 52 19 28 
England 2G-in Thompson Refral'tor - 0 20 48,0 +50 52 09 50 

IIoh:Ht, Tasmania 
rniver~it\' of Taslll:mi:l Ob,,('rv:\torv 1-01 Optical Tele'l'ope -147 32 00 -42 ,1)0 00 300 
G.P.O. Box 2.i20 . 0.4-01 Optil'al T('le5cope -147 32 00 -42 ;"}O 00 300
 
Hobart, Tasmania 7001 2.i6x2;,}Ii-1ll :\rr:lV -147 32 00 -42 .')0 00 :300
 
A\I;;;tralin. ;-) 12x512-m :\rr:l.~· - 147 32 00 -42 50 00 300
 

Hohcr Li;;;t, I.erm:my F. R. 
lTnh('r Lio.:t 01l'"'cr":ltor\' lOo-rlll ('a"eJZ:rain Tf'\f''''l'ope - 6 51 0002 +.'50 09 4.')3 ;')33 
Cni\'cr"it\· of Bonn . :Hl-cllI (':I",o.:e~r:lil1 'l't'II''''l'opl' - 6 .=)0 ;;905 +;')0 09 47 .') .i43 
J)-.=).-)(',~ Ib"n, (Eif('1) :H-clll ~('blllirlt 1'ele'('llIH' - 6 50 :;G;,)7 +.')0 09 4tl R ;i45 
German.v F. R. :3fl/:JO-('m Hdral'tor - 6 .11 0202 +.iO 09 4~.) .i41 

30-em Astrograph - (l .=)0	 ;')825 +.'l0 09 47 _;)! .i44 

JllnJZ:fralijorh, Switzerland 
II i~h Alpine Re~eart:h St at ion 7(i-cm C:l:""'.iC(lllrlt~ Tdl':"copr - 7 .j9 06 I +4G 32 53 :J57G 
~idlt'r... trasc;e .r; 
:W12 Bt'rnl', ~witz('f1:lnd 

Knmol/;:ltn-Cho, .bpan 
()ka~':lI11:l A... trnph\'c;ienl OI)"N\':\tor~' lSR-elll Rcflf'{'tor -133 35 4729 +34 34 261 :172 -18 
l\:lTlIO~:":l ('ho, .\o.::II':II£'IIi- f :110 Ql-l'l1I Hd!('('tflr -133 35 46.6 +34 34 22,8 3G5 -IS 
()ka~'ama-l\('n, i Iq-()~ .bp:11I li4-cllI Sidar H.l'llcctol -133 35 46 +34 34 18 :J.iO -IS 

* From -'nle Astronomical !laanae - 1981­
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Table C-2 LIST OF RADIO TIl\lE SIGNALS '* 
This short, illustrative list of radio time signals contains information on time 

si~nals thlt arc wiJcly used and arc controlled by observatories communicating 
their results to the Bureau International de I'Heure. Since transmission times and 
frequencies arc liable to change current schedules should be consulted to obtain 
up-to-date inform.ation. 

The International Astronomical Union (Dublin, 1(55) has recommended the 
cessation of ONOGO and rhythmic type signals; details of such signals have therefore 
been excluJed from this list. 

Country Authority 

Argentine 

Australia 

Brazil 

Canada 

China 

France 

:'\;1\":11 Ohseryatory, 
Uucnos Aires 

:\Iilitary Geograph­
ic3.1 Institute, 
Buenos Aires 

:'.lount Stromlo 
Observatory, 
Canberra 

National Observa­
tCJrv. KIt) de l::uwiro 

Dominion Observa­
tory, Ottawa 

Zi-Ka-\Vei 
Observatory, 
Shanghai 

Observatory of 
Paris 

Call Frequency 
V.T. Sign kc/s 

It ID 

01 00 LOL 8 1I0 

13 00 17 180 

ZI 00 

10 °5 LQC 17550 

22 OS 

0800 VHP 44 
14 00 VIX 64Z8 ·S 
2000 8478 

12 907·5 

0°3° PPE 8721 

J:t :to 
203° 

01 30 PPR 6421 

14 30 8 634 
ZI 30 17 194 

CHU 333° 
7335 

14 670 

II 00 npv 9368 
13 00 

15 00 

Notes 

Continuous transmis­
sions. 

c800 FYP 9 1 • I S 
09 00 

09 30 
13 00 

2000 

ZI 00 

223° 

0900 FYA3 7428 

21 00 

0800 TQC9 1°775 
2000 

093° TQGs 13 873 

13 00 

22 30 

continued·. on next page 

i.e " trfrom the Explanatory Supplement to the Ephemeris. 1961 
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Table C-2 (continued) 

Call Frequency 
Country Authority V.T. Sign kc/s Notes 

III 1ft 

Germany Gcm1an IIydro­ 00 00 DAM 4 265 
(f\'d(;ral Gcm1an gr:.lphic Institute, (,475·5 

Republic) lIamburg 8638.5 

1200 DAM 8638.5 
16980 

I I 00 D:'\lIbo 3970 
D~lR27 6075 

08 10 DCF77 77·5 
I I 10 

Gcnnany Geodetic Institute, DIZ 45 2 5 Continuous transmis­
(German Demo­ Potsdam sions. 
cratic Republic..:) 

Japan Astronomical 12 30 J.-\522 16 170 

Observatory, 1'okyo 

Switzerland Cantonal Obscrva­ 08 15 HBB 96'05 
tory, i'cuchatc1 

Union of Soviet Central Scientific 00 00 ROR 25 

Socialist Inwstigation 04 00 

Republics Institute, ::\loscow 08 00 

12 00 

1600 

2000 

08 00 R\Y:\I 5 000 Sigl131s ~rc transmit­
to 10000 ted on one or more 

2200 IS 000 of th<:se frequencies 
20000 at intervals of 2 h• 

.';MfonulnJcal IX no np'T' 
~ (l __ 

J -";Io"J 

Ohscr,atory, II 5Ho 
Ta~hkl'nt 

United Kingdom Royal Greenwich 1000 CDR 16'0 G BZ llsed as a reser\'c 
Obsen"atory, IS 00 GBZ 19·6 transmitter for GBR. 
Herstmonceux 

1000 GIC27 7 397·5 Signals are transmitted 
18 00 GI C29 9350 on two of these fre­

G 1C33 13 555 quencies at the times 
G1C37 17 685 quoted. 
G PD30 10 332.5 

G KU5 12 790 

L'nited States CniteJ States 00 00 ~SS 121 ·95 162 kc/s repbces 
of America Naval Observatory, 0200 5 870 121·95 on transmis­

\\"ashington 0600 942 5 sions at ISh oom and 
0800 13 575 20 h oom on Tuesday, 
1200 17050 \VednesJ.ty, and Thur­
14 00 23 650 sday. Transmisc;ions 
1800 are on all frequencies 
2000 at th~ times quot~d. 

NBA 18 Continuous tran;mis­
sions except between 
I3 b OOID and 21 h oom 
V.T. on \\·cdncsday. 
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Table C-3 LIST OF COORDINATED TI:\lE AND FREQUENCY 
TRANS:\IISSIONS * 

This list contains information on the coordinated time nod frequency trans­
missions of the United Kitlgdom and the United State5 of America. The 
co-operating authorities are: in the Cnited Kingdomt the Royal Greenwich 
Observatoryt the National Physical Laboratory, and the General Post Office; and 
in the United States, the U.S. Xaval Observatory, the Naval Research Laboratory, 
and the National llureau of Stanoards. 

Country Call Sign Frequency Trammi'5Sion Tim'~s 

kc/s (V.T.) 
United Kingdom ::'\lSF zsoo Continuous 

5 000 

10 000 

60 1411 30m - ISh 30m 

GBR 16 Continuous (traffic) except for 
daily maintenance between 
I3 h oom :~!1d ISh oom. 
Time signals at lOb oom and 
I8h ooh only. 

United States V\'\\'v 2 500 Continuous 
of America 5 000 

10 000 

IS 000 

20 0(\0 

25 000 

WWVH 5 000 Continuous 
10 000 

IS 000 

~BA 18 Continuous except between 
I3 h oom and 2 I h oom on 
\Vednesday. 

*from the "Explanatory Supplement to the Ephemeris, 1961" 

.....~ •••...I--I110... '..... ~ ,~r-'...·~".· ..... .-.,. ;p,.-.- ~. 
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Table C-4 Constellation names and abbrevialions * 
The follo\\"inl! list of cOI1~tellation name<; and ahbreviations is in accordance with the 

resolutions of till' Intnnatiol1:1l Astronomical Cnion (T,ollS. f.rI.V.• I, 15K; 4,221: 9, 
66 and i7). The boundaril'R of the constl.:lIat iom are listed by E. Delp,)rtc, nn behalf of 
the LA. U., in lJdimitatioll uimtifitlll(! des ((llIstcllat/nllS (taUl's I't (ortl's), CambriJ!'!(' L'niver­

. sity Press, 1930; the ar~as of the constellations are given in Handbouk B.A.A., 1 1)61. 

:\ominativc Cenitin: ~ominativc Genitive
 
.-\nd ronlt'da And .-\ndrnmeJac Lacerta Lac Laccrtae
 
Antlia Ant Antliae Leo Leo Leonis
 
.-\pus Aps Apodis Leo :\1inor L:\Ii Leonis :\1 inoris
 
.\qllJrius Aqr Aqu:lrii L~pus Lep Leporis
 
.\quila Aql Aquilac Libra Lib Librae
 
.\ra .-\ra Arae Lupus Lup Lupi
 

... .-\n::o Ar~ Argue; Lynx Lyn Lyncis 
..\rit:s Ari Arictis Lyra Lyr Lyrac 
.-\uriL:a Aur Aurigac :\l~nsa :\Ien Mensae 
Bootl's Doo Bootis :\licroscopium :\lic :\ Iicro<;copii 
Caelum Cae Cadi l\lonoceros l\lon :\JoI1ocerotis 
Camdopardalis Cam CameloparJalis :\lusca :\1us i\lu<;cae 
C,mcer Cnc Cancri ~orma ="or ?\ormae 
Cant:s Yt:natici C\"n Canum Ycnaticorum Octans Oct Octantis 
C.:nis \ bjor C:\Ia Canis \Iajoris OphiudlUS Oph Ophiuchi 
Canis \linor C:\li Canis :'.linoris Orion Ori Orionis 
C;>.pricornus Cap Capricarni Payo Pay Pa\·onis 
Carina Car Carinae Pegasus Peg PCl,.;usi 
C<!ssiopeia Cas Cussiopeiae Perseus Per Pcrsei 
Centaurus Cen Centauri Phoenix Phe P1-1ocnicis
 
C.:pileus Ccp Ccphci Pictor Pic Pictoris
 
('ctus Cl:t ('eti Pisces PSl: Piscium
 
ChJ.r.l~ldt:on Cha Chamadcontis tPiscis .\uc:;trinus Ps.-\ Piscis .-\usirini
 
C~:-~:~~u.~ c;i Ciccini ?uppis PlIP ""U~~PlS
 

l·(';u~r.bJ Col Columhac Pyxis Pyx PyxiJis
 
CO!l1J nert:nices Com Com'll: Berenices Reticulum Het Reticuli
 

tCorona :\ustri;1a Cr.-\ Coronae .\ustrinae S:l~itta S~e ~.,l~itt,le 

Corona ~3orealis crn Coronae Borealis Sa~ittarius Sgr S<l;,:ittarii 
Con·us Crv COr\-i Scorpius Sea SC'-irpii 
Crater Crt Cratcris Sculptor ScI SC\ll~toris 

Crux Cru Crucis Scutum Set S..:uti 
C~·!.mus Cyg Cygni tScrpens Ser SL lpL'ntis 
Delphinus Del Delphini Sextans Sex SexL,r.tis 
Dorado Dor Doradlls Taurus Tall Tauri 
Draco Dra Draconis Telt.:scopium Tel Tdescopii 
EquulcllS Equ Equulci Triangulum Tri Tri.;nguli 
EriJ::mus Eri Eridani Triangulum .-\ustra!e TrA TrianguJi Australis 
Forn~!x For Fomacis Tucana Tuc ~rucanae
 

Gemini (;em Geminorum Ursa :\Iajor U:\la V,s:,e :\Lljoris
 
(;ruc:; Gru Gruis L'rsa :\linor U;\li Crsac \linoris
 
I itrculL's Jh:r Herculis Vela Y"l Ye]urum
 
Hor()l()~ium Bor Horolngii Virgo Vir Yirginis
 
H~'dra Hya Hydrat: ,"olans Vol Vubntis
 
II ydrus lIyi Hydri Vulpccula Vul Vulpl'culac
 
Indus Ind Jndi
 

* In modern u"al'e Argo is dividl'd into eMina, Puppi:::, and '"cIa.
 
t Australis is so~nctimes lIseJ, in hoth nominative :md ~~niti\'e.
 

t Serpens may be di\-ideJ into Serpens Caput and Serpens Cauda.
 

* from the "Explanatory Supplement to the Ephemeris, 1961" 
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Table C-5 Alphabetical star list 

Popular Name Astronomical l;ame Approx. R.A., 1~71 

Aldebaran a Tau 4h 34m 

Alioth, E tn-1a 12 52 
Alkaid T} UHa 13 46 
Al Nilam E Ori 5 34 
Alphecca a CrB 15 33 

Alpheratz a And 0 06 
Altair 
Antares 

a 
a 

Aql 
Sco 

19 
16 

49 
27 

Arcturus a Boo 14 14 
Bellatrix Y Ori 5 23 

Betelgeuse -= 

Canopus 
- a 

a 
Ori 
Car 

5 (53 
6 '23 

Capella aAur 5 14 
Castor a Gem 7 32 
Deneb a ryg 20 40 

Denebola f3 Leo 11 47 
Dubhe a UMa 11 01 
Elnath f3 Tau 5 24 
Eltanin (or Etamin) 
FO!!lB.Ll1aut 

Y Dra 
aPsA 

17 
22 

55 
55 

Hamal a Ari 2 05 
Kochab f3 UMi 14 50 
!-1arkab a Peg 23 03 
l-1egrez S UHa 12 13 
gerak f3 Ul'-1a 10 59 

~~izar , UMa 13 _22 
Phecda Y Ul1a 11 52 
Polaris (the Pole star) a UMi 2 02 
Pollux f3 Gem 7 43 
Procyon a CHi 7 37 

Regulus a Leo 10 06 
Rigel f3 Ori 5 13 
saiph 
Schedir 

K Ori 
a Cas 

5 
0 

46 
38 

Shaula A Sco 17 31 

Sirius a CMa 6 43 
Spica a Vir 13 23 
Thuban a Dra 14 03 
Vega aLyr 18 35 
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